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Abstract. The High Altitude Water Cherenkov (HAWC) high-energy γ-ray observatory was completed in march 2015 in central
Mexico. The detector, consisting of 300 water tanks, is currently being upgraded to improve its performance at Multi-TeV energies,
with a sparse array of small water Cherenkov tanks. It will extend the instrumental area by a factor of 4, and enhance the sensitivity
at the highest energies. In this contribution, the current status of the observatory is presented, as well as the coming upgrade. The
electronics and the readout system for the new sparse array of small water tanks are also desrcibed, and results from simulations
performed to optimize the performance of the array are discussed.
INTRODUCTION
The 300 water tanks composing HAWC are covering an area of 22000 m2, each tank containing 200 kl of purified
water and four photomultiplier tubes (PMT). HAWC records events in the 0.1-100 TeV energy range. It has now
completed its first year of operation, and the first results are already showing an improvement in sensitivity to TeV γ-
ray sources an order of magnitude better than the previous generation of water Cherenkov detectors. The first catalog
of sources is being prepared, with several of them observed for the first time in γ-rays, with no known counterpart.
However, HAWC encounters difficulties reconstructing showers whose core falls outside the array. A sparse outrigger
array of small water Cherenkov tanks aims to increase the present fraction of well-reconstructed showers at multi-TeV
energies by a factor of 3 to 4 by improving the accuracy of their core position determination. Such an outrigger array
would consist of 350 small water Cherenkov tanks of 2.5 m3, each containing one PMT, distributed over an area four
times larger than HAWC.
MOTIVATION FOR THE UPGRADE
When a highly energetic particle enters the atmosphere and interacts with air nuclei, it creates a shower of secondary
particles that eventually reach the ground, leaving a ”footprint” on the detector. Above ∼10 TeV, the shower footprint
on the ground becomes comparable to the size of the array. Therefore, most of the showers above 10 TeV are not
contained in the array. In particular, when the core of the shower is not inside the array, the shower properties, namely
the core location and the incident angle, cannot be correctly reconstructed. Indeed, from the main array point of view,
a high energy shower whose core falls outside the array is hard to distinguish from a low energy one with a core falling
on the edge of the array. The misinterpretation of high energy γ-ray showers reduces HAWC performance at these
energies. This is the main motivation for the deployment of 350 small water tanks of 2.5 m3 called outriggers around
the main array [1]. They will be separated by a distance of 12 to 18 m. Each of them will contain one Hamamatsu
R5912 8 inch PMT. The outrigger array will allow us to :
1. Accurately determine the core position, and therefore the direction and the energy of the shower
2. Increase the effective area above 10 TeV by a factor of 3-4 and hence enhance the sensitivity above this energy
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HARDWARE : TRIGGER AND READOUT
The outrigger array is very similar to the camera of an Imaging Atmospheric Cherenkov Telescope, each PMT in each
outrigger being a pixel of the camera. The HAWC γ-ray observatory is currently taking advantage of the readout and
trigger electronics that is being developed for FlashCAM [2], a proposed camera solution for a mid-size telescope
of the future Cherenkov Telescope Array (CTA). Hence, it will be used and adapted to the outrigger array : each of
the outrigger PMT will be read out with the Flash-ADC board developed for FlashCAM. It has been named Flash
Adc eLectronics for the Cherenkov Outrigger Node (FALCON). The sparse outrigger array will be divided into 5
sections with ∼70 small water tanks. One node is settled in each of them collecting the signals from the corresponding
outrigger tanks as shown Fig. 1. Each node has a crate containing 3 Flash-ADC boards, and each of them can digitize
24 channels with a sampling speed of 250 MHz with a 12 bit accuracy. It also allows for a flexible digital multiplicity
trigger. Full waveforms, with settable length (typically 40 samples i.e. 160 ns), are read out and processed further for
charge extraction and signal timing.
FIGURE 1. Left panel : the outrigger layout surrounding the HAWC main array divided into 5 sections. The signals of the PMTs
in each section are collected in the corresponding node (red dot). Right panel : schematic of a tank from the main array (top)
compared to an outrigger tank (bottom).
SIMULATIONS
In order to optimise the outrigger array, extensive simulations are being performed. The lateral amplitude distribution
of the shower is fitted using a likelihood fit method in order to constrain :
• the core location
• the shower energy
• the depth of the shower maximum
On Fig. 2, it can be seen that, using this method, a core resolution of 2 to 3 m can be achieved by using only
an array of sparse outriggers, at energies above 10 TeV for a 0° zenith angle. For comparision, the core resolution
using only the main array is of the order of one meter. The next step is to merge the likelihood fit method for the
outrigger array with the one for the main array to quantify the improvement in the core resolution for the highest
energy showers.
FIGURE 2. The core resolution obtained with a likelihood fit, compared with a method where the core is defined as the centre of
gravity of the signal
TOWARDS THE OUTRIGGER ARRAY
The outrigger array is currently being deployed : the first outrigger prototypes are taking data on the site, with the
FALCON electronics. After thoroughly testing, it will then be integrated to the central DAQ. The sections will then
be deployed one by one, and the first one is planned to be completed by the beginnig of next year. The full outrigger
array will be completed next year.
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